ABSTRACT Sampling frequency is a very important consideration to control the efficiency of a water quality monitoring network. A large portion of the costs of operating a monitoring network is related directly to the frequency of sampling applied to the water quality channels in the Nile delta. The sampling frequency was carried out for the monitoring locations in Bahr Shebeen canal in Middle Nile Delta and Ismaillia canal in Eastern Nile Delta. The statistical method of "Single Station, Single Variable" was used to assess and redesign of sampling frequency is based on the confidence interval around the mean value. The approach helps identifying the sampling frequency that allows estimating the annual mean value with an acceptable accuracy. Results indicate that the proposed approach represents a useful decision support tool for the optimized selection of water quality variables. The results showed that 12 samples per year at the monitoring site of Bahr Shebeen canal may allow the estimation of the BOD and COD mean values with 27% and 25% error, respectively. On the other hand, at the monitoring sites of Ismaillia canal may allow the estimation of the BOD and COD mean values with 45% and 50% error, respectively.
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INTRODUCTION
About 97% of Egypt's water resources are from the Nile River (Dijkman 1993 ). The distribution of Egypt's share of the Nile water to its population is near the water poverty threshold and will fall well below this threshold in the years to come. The re-assessment of monitoring networks is the translation of the monitoring objectives to specify sampling sites, sampling frequency and the variables to be measured. Both sampling frequency and sampling sites are influenced by the water quality variable being monitored, and therefore the selection of the specific variables of interest is intrinsic to the design and subsequent operation of a water quality monitoring network (Strobl and Robillard, 2008) . Sampling frequency is a very important consideration in the design of a water quality monitoring network. A large portion of the costs of operating a monitoring network is related directly to the frequency of sampling. In addition, the reliability and utility of water quality data derived from a monitoring network are likewise related to the frequency of sampling. Water quality sampling frequency is the single aspect of network design which received most attention from researchers (Sanders et al. 1983 ). This doesn't mean that sampling frequency is more important than site selection or variable selection. Sampling frequency can be treated objectively using statistical analysis while other problems of network design tend to be more subjective especially in the initial design phases.
It is proposed that a minimum number of samples per year based on the monitoring objectives. For instance, a minimum of six samples per year is suggested in the case that the monitoring objective is to assess seasonality. In addition, uniform sampling is suggested (e.g. if 12 samples to be collected per year, it could be once a month; if six samples to be collected per year, it could be once every two months and so forth). If enough records are available per season, the approach can be applied to identify the number of samples required to estimate seasonal mean values (e.g. number of samples per season). The objective of this paper is to develop the water quality information system by enhancing the water sampling frequency for each water quality variable at each of the sampling sites, using the statistical method of "Single Station, Single Variable" for Bahr Shebeen and Ismaillia canals in the Nile Delta. 
2.2.Methodology
The statistical formulas were used to perform the sampling frequency analysis for selected water quality parameters of Iron (Fe mg/l), Chemical Oxygen Demand (COD mg/l), Biological Oxygen Demand (BOD mg/l), Dissolved Oxygen (DO mg/l), Nitrate (NO3 mg/l), Negative Logarithm of Hydrogen Ion Concentration (pH), Total Dissolved Solids (TDS mg/l) and Ammonia (NH4 mg/l). This approach was proposed by Sanders and Adrian (1978) and Sanders et al. (1983) . It assumes that the monitoring objectives are the determination of ambient water quality status and an assessment of annual means. The confidence interval approach allows selecting a sampling frequency that yields an estimate of the sample mean ( x ) within a prescribed degree of accuracy (i.e. confidence limits) (Khalil et al., 2014) . For the purpose of this study, the water sampling frequencies were estimated using the "Single Station-Multiple Variables Approach" described in Sanders et al. (1983) . Since several water quality parameters are important, a separate sampling frequency were computed for each parameter and a simple average sampling across parameters were computed and used for the monitoring purposes.
Weighted average variances over the several water quality variables were computed for each station. However, this approach has its limitation when the water quality parameters measured have different order of magnitude. To overcome this problem, a normalization process was carried out to deal with percentages (from maximum values) instead using the original data. It has to be noted that this does not influence the original sampling variances. There are three main statistical approaches to evaluate the sampling frequency with respect to the mean value confidence interval as explained by Sanders et al. (1983) 
Where  is the population variance; and n is the number of observations. The n required to obtain a given degree of confidence can be derived from the following formula (Sanders et al., 1983) :
, the n required to obtain a future estimate of the mean can be computed with a known level of confidence by the following equation (Sanders et al., 1983 ): , an acceptable confidence level (t  ) and the error (E) must be specified to determine n. Since the t statistic is dependent on the degree of freedom, which is dependent on n, Equation 4 becomes an iteration problem. An initial n value is specified, from which a degree of freedom is calculated and used to find the t statistic. Equation 4 updates the value of n, and a new t statistic is found. These iterations are performed until the sample size converges to a relatively constant value. The relationship between the error (E) and the number of samples as described by Equation 4 becomes theoretically valid if the variance of the stationary component computed from different sampling intervals stabilizes after a certain sampling interval (Khalil and Ouarda, 2009) . After this sampling interval, the variance becomes independent of the sampling interval and any change in the number of samples will only affect the expected error. Tokgoz (1992) and Harmancioglu and Tokgoz (1999) , illustrated that, in case of limited water quality records with large gaps there will be difficulties in meeting the underlying assumptions of the confidence interval approach. Khalil et al. (2014) recommended that the minimum size of records to apply this approach is 30 valid records. For water quality parameters that have a size of records less than 30, it is recommended to continue measure these water quality parameters, and sampling frequency assessment may take place when enough records are available. In practice, autocorrelation may be present, in this case the variance of x is given in equation (5) 
In addition, normality tests were examined using Kolomogrov-Smirnov goodness of fit test. Autocorrelation, assessment of temporal trend, and data distributions will be examined in a preliminary analysis step.
Results and Discussion
As described in the methodology section, half of the confidence interval around the mean value is considered as the error in estimating the population mean. In this assessment, several error percentages were considered, ranging from 10% to 60% of the sample mean at proposed number of samples (n=12) for each monitoring site. The sampling frequency assessment curves were illustrated for only two sampling sites for each canal. The first sampling site is located at the beginning of the canal stream and the second is at the end of canal stream.
Bahr Shebeen Canal
The sampling frequency assessment at the MI09 sampling site (table 1) , where the considered error percentages are plotted against the number of samples obtained for the 95% significant level. Figure ( 2) shows that 12 samples per year at monitoring site (MI09) may allow the estimation of the BOD and COD mean values with 40% and 42% error, respectively. Similarly, results for the NH 4 and TDS indicated that 12 samples per year may allow estimating the annual average with a 35% and 45% error, respectively (Figures 3-a and 3-b) . On the other hand, the sampling frequency assessment at the MI12 sampling site as in Figure (4) and Table ( 
Ismaillia Canal
The sampling frequency assessment at the EI10 sampling site (table 2) , where the considered error percentages are plotted against the number of samples obtained for the 95% significant level. Figure (6) shows that 12 samples per year at monitoring site EI10 may allow the estimation of the BOD and COD mean values with 35% and 32% error, respectively. Similarly, results for the NH 4 and TDS indicated that 12 samples per year may allow estimating the annual average with a 27% and 22% error, respectively ( Figure 7 ). On the other hand, the sampling frequency assessment at the EI12 sampling site as in Figure (8) and Table ( 2) illustrate that 12 samples per year may allow the estimation of the BOD and COD mean values with 25% and 18% error, respectively. In figure (9) , results for the NH 4 and TDS indicated that 12 samples per year may allow estimating the annual average with a 47% and 35% error, respectively. Sampling frequency calculated for all sampling sites covers Ismaillia canal varied from 13 to 20 samples per year. The overall average was 15 samples per year with a standard deviation equals to 3.0 samples. 
CONCLUSIONS
According to the results of Bahr Shebeen canal at the two sites of (MI09 and MI12), it seems that at number of samples (n=12) per year obtained for the 95% significant level of the WQ parameters (pH, TDS and DO) have an acceptable error percentage of (11% to 15%). Reversely, the WQ parameters (BOD, COD, TSS, No 3 , NH 4 , Fe and TDS) need more than 12 samples per year at the same number of samples to shrink the error percentage in range (10% to 25%). Regarding Ismaillia Canal at the two sites of (EI10 and EI12), the WQ parameters (BOD, COD, pH and DO) have an acceptable error percentage of (11% to 15%) obtained for the 95% significant level at number of samples (n=12) per year. On the other hand, the WQ parameters (TSS, No 3 , NH 4 , Fe and TDS) require more than 12 samples per year to be in the acceptable error range (10% to 25%). It can be concluded that the enhancing of sampling frequency for water quality monitoring is important to reduce the error percentage depending sampling intervals. However, we must also bear in mind that no sampling will be perfectly accurate (from a measurement perspective) as virtually all scientific measurements have an associated level of uncertainty. In this paper the "Single Station, Single Variable" approach was used to illustrate the relationship between the error and the number of samples as described which is theoretically valid if the variance of the stationary component computed from different sampling intervals stabilizes after a certain sampling interval.
